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ABSTRACT 
The relationship between atmospheric circulation patterns, as represented by 
teleconnection indices, and selected air pollutants was investigated.  Correlations were run for 
levels of three air pollutants: particulate matter less than 10 microns in diameter (PM10), ozone 
(O3) and sulfur dioxide (SO2); and three atmospheric teleconnection indices: the Multivariate El 
Niño-Southern Oscillation Index (MEI), the Arctic Oscillation (AO) and the North Atlantic 
Oscillation (NAO).  Pollutant levels were observed at stations in or near 15 North American 
cities between 1970 and 2004.  Significant correlations as strong as .386 were found for selected 
individual cities and counties when dates were restricted to the months with the highest pollution 
levels.  Correlation strength generally declined as coverage areas and date ranges were expanded.  
Still, statistically significant, albeit weak, correlations were found in many cases.   
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PREFACE 
At its broadest level, the purpose of this study was to investigate whether phases of 
atmospheric teleconnection indices had any correlation with levels of air pollution in various 
cities.  While this study found only limited evidence of widespread significant correlation, this 
researcher hopes this lack will caution other students of the atmospheric sciences to seek other 
avenues of inquiry to promote better understanding of the processes by which air pollutants are 
spread.  More knowledge in this area may help reduce the number of people who suffer the 
effects of air pollution.  
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CHAPTER 1 
 
INTRODUCTION  
The World Health Organization estimates that three million persons die yearly from 
causes related to air pollution (Fischlowitz-Roberts, 2003).  Air pollution levels are affected not 
only by the amount of pollutants discharged into the atmosphere, but by atmospheric parameters 
such as temperature, humidity and wind; in other words, pollution levels are affected by the 
weather.  (See, for example, Harris, 2005).  Climatologists have understood for some time that 
weather events in one part of the planet may have significant impacts on the weather in other 
areas thousands of miles away.  The most widely known of these phenomena is the El Niño/La 
Niña oscillation.  These impacts are measured in a series of “teleconnection indices,” which 
relate variations in surface and upper-level air pressure and geopotential height in one location to 
variations in another location.   The interaction among remotely connected climate variables 
raises the question: Do variations in teleconnection indices correspond to variations in pollution 
levels?  This research project is a study of the relationships among three of these teleconnection 
indices and pollution levels in 15 cities in the United States.  More specifically, the study 
considers values from 1973 to 2004 for the Southern Oscillation Index (SOI), the Arctic 
Oscillation (AO) and the North Atlantic Oscillation (NAO) and compares them with levels of 
ozone (O3), sulfur dioxide (SO2) and particle distribution with a mean aerodynamic diameter of 
less than 10 μm (PM10).  The three teleconnection indices are selected because of their impact on 2 
the North American continent as well as their surface-level measurements, consistent with the 
altitudes which the three pollutants are measured. The close relationship between the AO and the 
NAO can be useful for this study; any differences that arise in their correlations can improve the 
granularity of the study.  These three pollution variables are chosen because they are believed to 
affect human health.  The 15 cities (Fig. 1) studied are: 
  Middle United States: Minneapolis, Chicago, Indianapolis, St. Louis, New Orleans 
  East Coast: Boston, New York, Philadelphia, Atlanta, Miami 
  West Coast: Seattle, Portland, San Francisco, Los Angeles, San Diego 
   3 
 
Figure 1 
Cities to be studied (Base Map Source: ESRI) 
 
These cities are selected because they represent locations near the west coast, the east 
coast and the center of the continental United States.  In addition, they feature a wide range of 
latitude, from the northern to the southern edge of the country.  This paper attempts to answer the 
question: “Are there any correlations between the phase of the SOI, NAO and AO and the levels 
of O3, SO2 and PM10 in these cities?”  This avenue of study could be fruitful because the 
teleconnection indices are, in essence, shorthand representations of factors such as atmospheric 
pressure and temperature; these are parameters known to have impacts on air pollution levels.  4 
The establishment of correlations among these variables will provide additional information to 
improve pollution forecasting and, it is hoped, the health of residents in these cities.   
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CHAPTER 2 
 
LITERATURE REVIEW 
Teleconnections and Climate 
As mentioned in the previous chapter, this study explores the relationship among 
atmospheric teleconnections and the levels of three air pollutants in 15 North American cities, 
with an eye toward establishing correlations, if any.  The Oxford English Dictionary (1989) 
records the first appearance of the term “teleconnection” in the geology literature in 1916.  The 
first researcher to apply the term to a climatological context was Ångström (1935).   The concept 
was refined to describe climate in one part of the globe being influenced by changes in another 
by Bjerknes (1969).  Since then, numerous researchers have investigated the relationships 
between climate variations in one area and corresponding variations in another.   
Our understanding of teleconnection owes a great deal to the description of nine cold 
season circulation patterns by Barnston and Livezey (1987): 
  the North Atlantic Oscillation (NAO) 
  Pacific North American pattern (PNA) 
  West Pacific Oscillation (WPO) 
  Tropical Northern Hemisphere (TNH) 
  Northern Asian pattern (NA) 
  Eurasian pattern Type 1 (EU1) 6 
  Eurasian pattern Type 2 (EU2) 
  East Atlantic pattern (EA)  
  East Pacific pattern (EP) 
Barnston and Livezey also identified three warm season patterns: 
  Subtropical Zonal pattern (SZ) 
  Asian Summer pattern (AS) 
  North Pacific Pattern (NP) 
Three transition patterns including the Pacific Transition pattern (PT) were found as 
well.  The NAO was counted in all three seasonal categories.  The El Niño/Southern Oscillation 
(ENSO) involved differences in sea-level air pressure between Darwin, Australia and Tahiti, and 
their effect on atmospheric circulation and sea temperatures in the tropics and beyond (Figure 
2).  The positive ENSO phase occurred during La Niña episodes, with below-normal pressure 
over Indonesia and the western tropical Pacific and above-normal pressure over the eastern 
tropical Pacific.  Values were opposite during the negative phase, which occurred during El 
Niño episodes.   
The Multivariate ENSO Index (MEI) described ENSO in terms of six variables: sea-
level pressure (SLP), zonal and meridional components of surface wind, sea surface and air 
temperature, and total fractional cloudiness.      
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Figure 2 
La Niña (High MEI) El Niño (Low MEI) 700 mb geopotential height anomalies.  (Base map 
source: ESRI; data source: Earth System Research Laboratory) 
 
The North Atlantic Oscillation featured a north-south dipole of anomalies.  One center 
was located over Greenland, and the other moved over the North Atlantic between 35° and 40° 
North.  The two centers had opposite signs.  A positive NAO (Figure 3) showed above-normal 
geopotential heights and pressures over the eastern United States, the central North Atlantic, and 
western Europe.  It also was associated with below-normal heights and pressures across the 
more northern parts of the North Atlantic.  These characteristics were reversed during the 
negative NAO phase.   8 
   
Figure 3 
NAO positive and negative phases (Base map source: ESRI; data source: Earth System Research 
Laboratory) 
 
The Arctic Oscillation (AO) represented the dominant pattern of non-seasonal sea-level 
pressure (SLP) variations north of 20° North Latitude.  It was characterized by SLP anomalies 
of one sign in the Arctic and anomalies of opposite sign centered about 37°- 45° North Latitude.    
High AO index values were associated with below-normal SLP in the Arctic, stronger 
surface westerlies in the north Atlantic, and warmer, wetter than normal conditions in northern 
Europe.  Low AO values were known as the “cool” phase, in which a strong Arctic circulation 
inhibited the melting of ice and kept temperatures lower than usual.  See Figure 4. 9 
   
Figure 4 
700 mb geopotential height anomalies for AO positive and negative phases (Base map source: 
ESRI; data source: Earth System Research Laboratory 
 
The AO was highly correlated with the NAO (Wallace, 2000).  There was some 
evidence the NAO could be viewed as a regional manifestation of the AO (Ambaum, Hoskins, 
and Stephenson 2001).   
Other studies demonstrated the existence of various patterns within and among the 
teleconnection indices.  A high North Pacific Oscillation (NPO) enhanced El Niño’s effects on 
North American climate and reduced La Niña’s effects, in terms of SLP and heavy precipitation 
frequency (HPF).  In addition, a low NPO reduced El Niño’s effects on North American climate 
and enhanced La Niña’s effects in terms of SLP and HPF.  These findings were the result of 
Gershunov and Bartlett’s 1998 consideration of interdecadal modulation of El Niño-Southern 
Oscillation (ENSO) teleconnections.  They concluded the state of the NPO was critical in 
predicting the strength of an ENSO event, and should be included in future forecasts.  The 10 
Community Climate System Model, version 2 (CCSM-2) model was a good simulation of the 
spatial structure and the variance of sea-level pressure, surface air temperature and precipitation 
associated with the NAO-AO, according to Holland (2003).  However, he said, the model missed 
the magnitude of the observed trends in the NAO-AO index over the past 40 years, which were 
unusually large.   
There are two distinct internal modes in the North Pacific: the North Pacific Mode 
(NPM) and the Eastern North Pacific Mode (ENPM).  They were identified by Wu and Liu in 
2003 in a study about decadal variability in the North Pacific.  The researchers also proposed that 
the NPM and the ENPM are the two dominate internal decadal variability modes in the North 
Pacific.  During peak ENSO periods, a new North Pacific short-wave train develops, according 
to Chen (2002).  The train is induced by anomalous forcing formed by cold surge vortices over 
the Philippine Sea.  Large changes in pressure upstream in the western equatorial Pacific 
supported earlier research that severe winter weather in North America, according to Chen, “may 
be remotely affected by the anomalous convective activity in the western equatorial Pacific.”  
The NAO is a dominant pattern in the interannual timescale because of its longer 9.5-day 
timescale, according to Feldstein (2000), who considered various properties of teleconnection 
patterns with the aid of power spectrum analysis.  In addition, Feldstein said the PNA is also 
dominant, likely because of external forcing.  He further concluded the atmospheric response to 
ENSO could be interpreted as a superposition of the atmospheric ENSO pattern, PNA and WP 
teleconnection patterns, with ENSO being dominant.   
Teleconnections have been a factor in climate for a long time.  A study by Rittenour, 
Brigham-Grette and Mann (2000) study showed El Niño-like climate teleconnections in New 11 
England during the late Pleistocene.  This research is particularly interesting in view of current 
questions about the possibility of anthropogenic forcing affecting the current ENSO regime.   
Other researchers have concluded it is a mistake to view ENSO as a monolithic entity.  
For example, interdecadal modulations of ENSO-related pressure and temperature over North 
America make more sense if one considers ENSO in terms of Central Pacific (CPAC) and 
Eastern Pacific (EPAC) events, according to Mo (2010).  This analysis indicated ENSO’s affect 
on temperatures in the United States was waning, as was its influence on precipitation over the 
Ohio Valley.  Interestingly, ENSO’s affect on precipitation in the southwestern United States 
was increasing.    
Still other researchers have looked at the relative merits of various climate indices.  No 
single ENSO index best captured ENSO phases over a 100-year period, according to a 
qualitative evaluation of ENSO indices by Hanley, Bourassa, O’Brien et al. (2003).   Instead, the 
choice of index depended upon the phase of ENSO under study.  The researchers considered the 
Southern Oscillation Index (SOI), the Trans-Niño Index (TNI), Niño-1+2, Niño-3, Niño3,4, 
Niño-4 (the numbers varied by geographical location), the Multivariate ENSO Index (MEI) and 
the Japan Meteorological Agency (JMA) index.  
The Pacific North American (PNA) teleconnection index showed a high correlation with 
regional temperature and precipitation in the United States, according to Leathers, Yarnal and 
Palecki (1991).  The strongest correlations were between the index and winter temperature.  The 
research indicated the PNA index was less significant in the summer.   The PNA was further 
correlated with a decrease in wind speeds and an increase in calm periods, according to 
Abhishek, Lee, Keener et al (2010).  Their research found wind speeds overall for Indianapolis, 
Cincinnati and Little Rock are on the decline.  A relationship between ENSO and hurricane 12 
landfall probabilities in the Caribbean was reported by Tartaglione, Smith and O’Brien (2003).   
ENSO’s warm phase was already known to suppress hurricane activity in the Atlantic.  This 
study indicated La Niña events are associated with greater probabilities for landfalls in the 
Caribbean, consistent with the pattern for the entire Atlantic basin.  Also, the monthly maximum 
Normalized Difference Vegetation Index (NDVI) seemed to be more strongly related to ENSO 
than to any single climate variable, according to a study by Wannebo and Rosenzweig (2003).  
They determined that crops are more stressed during La Niña years.   
 
Air Pollution 
Direct human influences on climate have been detected at local scales, according to 
research by Cerveny and Balling (1998).  They studied weekly cycles of air pollution, 
precipitation and even tropical cyclones in the northwestern Atlantic region.  They found a 
possible indication of an anthropogenic effect on regional climate in the identification of weekly 
cycles in climate and pollution variables.  Weekly cycles were observed in global surface 
temperature and local pollution data sets.  Cerveny and Balling described weekly cycles in three 
independent regional-scale coastal Atlantic sets: lower-troposphere pollution, precipitation and 
tropical cyclones.  The research also noted that three stations record minimum concentrations of 
ozone and carbon dioxide early in the week, with maximum concentrations later in the week.  
Cerveny and Balling noted weekly cycles were associated with human activities; no 
meteorological mechanism had a consistent seven-day period.  The study proposed that extensive 
regional pollution advection into the Atlantic produced climate modification.  Evidence that air 
pollution suppressed rain and snow was found by Rosenfeld (2000).  This analysis of a satellite 
pass over Australia in 1998 showed that clouds in more polluted areas featured little coalescence, 13 
did not glaciate, and were without precipitation.  On the other hand, clouds in less polluted areas 
had strong coalescence and were precipitating.  These results indicated human activity may be 
altering climate globally.   
 
Influence of Climate on Air Pollution 
A number of studies have related pollution to climate.  Perhaps the most germane to the 
subject of this paper is the work relating ENSO events to certain pollutant levels over the Great 
Lakes, by Ma, Venkatesh and Jantunen (2003).  This study presented evidence for the 
association of air concentrations of hexachlorobenzine (HCB) on the shores of the Great Lakes 
with the El Niño-Southern Oscillation (ENSO) during the 1990s.  Warm El Niño events led to 
higher surface air temperatures and hence higher vapor pressure from HCB.  In addition, the 
authors noted the Pacific North American pattern (PNA) may have helped increase long-range 
transport of HCB from sources outside of North America, especially Asia.  A synoptic 
climatology of air pollution along the U.S.-Mexico border was developed by Comrie (1996) by 
investigating the circulation at 850 mb.  Comrie identified three high-ozone scenarios, each of 
which affected a different area or time of year.  Climatologically, the weather dependence of 
ozone variability imparted a spatial dependence for ozone patterns.   
Trends in sulfur emissions in Asia carried implications for acid deposition, pollution and 
climate, according to Carmichael, Streets, Calori et al. (2002).  This study pointed out that the 
levels of sulfur emissions in a country depended on meteorological factors such as transportation 
by air as well as on production.  The conclusion was that the adverse health and economic 
impacts of allowing sulfur deposition to continue unabated could provide powerful inducements 
to cut this type of pollution.   In addition, increases in ozone levels over western North America 14 
seemed greatest when measurements on this side of the Pacific were most heavily affected by the 
pollutant’s transport from Asia, according to Cooper, Parrish, Stohl et al. (2010).   Human 
activities accounted for more than 90% of worldwide emissions that made their way into the 
atmosphere, according to Simonetti, Gariépy and Carnignan (2000).  They presented evidence 
for sources of atmospheric heavy metals and their deposition in northeastern North America.  
The study outlined the concentrations of aluminum (Al), barium (Ba), cadmium (Cd), copper 
(Cu), magnesium (Mg), manganese (Mn), lead (Pb), rubidium (Rb), strontium (Sr), zinc (Zn) as 
well as isotopic compositions of Pb and Sr in snowpack from the 1998 winter in northeastern 
North America.  The concentrations indicated an anthropomorphic origin of these elements and 
isotopes.  The Pb isotope samples indicated the snowpack concentrations of these isotopes 
originated solely in the United States and Canada.  This finding was different from those from 
1997 observations that indicated a Eurasian component present as well.  The difference in the 
distribution patterns indicated El Niño may have influenced the distribution, as 1998 featured a 
significant El Niño event.   
Research that considered the influence of regional-scale synoptic weather type and 
geographical source regions on concentrations of black smoke (BS) and particle distribution with 
a mean aerodynamic diameter of less than 10 μm (PM10) was conducted by Buchanan, Berland 
and Heal (2002).  They studied the influence of weather and long-range transport on airborne 
particle concentrations in Edinburgh, UK.  They found median concentrations of BS and PM10 
were higher for anticyclonic weather types than for directional weather types.  This observation 
confirmed an earlier study’s conclusion that anticyclonic conditions over the UK led to elevated 
particle concentrations via import from continental Europe.  The study suggested that 
contemporary BS was influenced mostly by local emissions and meteorological conditions, while 15 
PM10 continued to be influenced by long-range transport mechanisms, independent of local air 
quality management efforts.   
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CHAPTER 3 
 
RESEARCH QUESTION AND METHODS 
Research Question 
Do the phases of the ENSO, the NAO or the AO covary with levels of O3, SO2 or PM10 in 
the 15 cities selected for study?  While a literature review finds one study linking ENSO values 
with HCB levels, no one has addressed this specific set of indices and pollutants.  Numerous 
correlations may be made.  Geographically, stations may be grouped by latitude, longitude, 
elevation, and even the population of their accompanying metropolitan areas.  Temporal analysis 
may be done as well, for example, to identify the months or seasons in which correlations are 
strongest.  
Establishing correlations will not demonstrate a causal relationship between the two; 
however, it will serve to make levels of O3, SO2 and PM10 more predictable.  Given the 
deleterious health effects of these pollutants on humans, this study may assist in the development 
of predictive methods to reduce risk.  Even in cases where no significant correlation can be 
established, the demonstration of this lack of correspondence will help forecasters by warning 
them from pursuing this blind alley further. 
   17 
Methods 
For this study, data on the phases of three teleconnection indices – the AO, NAO and SOI 
as represented by the MEI – were compared with air pollution data for a corresponding period.  
The teleconnection index data were readily obtained from the Web. A perusal of the Web page 
with monthly MEI values (Wolter, 2005) showed the values given were actually for periods of 
two months apiece, e.g., Dec/Jan, Jan/Feb, etc.  However, a note from the page’s author stated 
that in attempting to establish monthly correlations, “it may be expedient to use the MEI value of 
month (i-1) and month (i) as if it were the value for month (i) only.”  This advice has been 
followed for this project. Monthly values for the NAO were available at the Climate Prediction 
Center, and for the AO at the Joint Institute for the Study of Atmosphere and Ocean Web sites.  
Pollution values for ozone (O3), sulfur dioxide (SO2) and particle distribution with a mean 
aerodynamic diameter of less than 10 μm (PM10) for the cities in question were obtained from 
the U.S. Environmental Protection Agency Web site. The EPA reported PM10 values in 
micrograms per cubic meter (μg/m
3).  SO2 values were reported in parts per million (ppm).  O3 
values were also reported in ppm or occasionally in parts per billion (ppb), in which case 
conversions were made to ppm.  These files were loaded into SPSS for analysis.  In addition, the 
Excel spreadsheet program’s excellent graphing capabilities were employed to graphically depict 
the relationships among the pollution and teleconnection index variables.   
Data needed standardization; for example, the teleconnection index values were 
computed monthly while pollution levels were recorded daily and in some cases hourly.  
Monthly means were computed from the pollution data to bring them into line with the 
teleconnection index values.  To minimize the effects of isolated point pollution sources, 
countywide means were computed from all the available monitoring stations in a county under 18 
examination.  It could be argued that this approach may conceal trends by giving less reliable 
stations an equal footing with stations where data are collected more accurately.  However, the 
determination of a station’s recording quality was impossible barring a visit to each site and 
comparison with an independently calibrated monitor.  Such an approach was beyond the scope 
of this thesis.   
To ensure consistency, comparisons were drawn in terms of standard deviations of the 
pollution levels and the teleconnection indices.  In other words, variables have been created to 
express values as a percentage of the standard deviation of all values for the PNA, AO and NAO, 
respectively.  After the monthly means for each pollutant variable for each location were 
computed, other variables were created, expressing the monthly means for SO2, PM10 and O3, 
respectively, as percentages of the standard deviation of the set of monthly means for each 
pollutant.  Expressing these variables in terms of percentages of standard deviations provided a 
measure independent of units to permit meaningful comparisons.     
The numerical data were analyzed using correlation and regression analysis to further 
isolate relationships among the teleconnection indices and air pollutant levels.  Scatter plots and 
regression equation lines were used to illustrate these relationships.  Special attention was paid to 
cases where the Pearson’s r value between a teleconnection index phase and a pollutant level 
was statistically significant.  It was of particular interest to isolate regional patterns, e.g., ozone 
levels on the East Coast being affected in a markedly different way from those on the West Coast 
or Midwest.   
The EPA recorded its pollution data by county.  For this analysis, a unique identifier was 
created for each county by combining the two-digit Federal Information Processing Standard 
(FIPS) code for each state with the three-digit FIPS code for each county.  For example, Indiana 19 
had a state FIPS code of 18, and Marion County’s code was 97.  A “StateCounty” variable was 
created which gave the county a unique identifier of 18097.  Subsequent to the beginning of this 
thesis, it was discovered the Federal government used the same system to uniquely identify 
counties by FIPS code  (U. S. Department of Agriculture, 2009). While the counties (and for 
Louisiana, the parish) used in this study are in the metropolitan area for cities of interest, 
sometimes the county in which a particular city was located had no, or very limited, data.  In that 
case, an adjoining county with better data was substituted.  The list of actual counties considered 
is presented in Table 1:  
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Table 1   
Counties used in this study.  
Name  FIPS Code  City 
Los Angeles County, CA   06037  Los Angeles 
 
San Diego County, CA 
 
06073 
 
San Diego 
 
San Francisco County, CA 
 
06075 
 
San Francisco 
 
Miami-Dade County, FL 
 
12025 
 
Miami 
 
Fulton County, GA 
 
Cook County, IL 
 
Marion County, IN 
 
Orleans Parish, LA 
 
Suffolk County, MA 
 
13121 
 
17031 
 
18097 
 
22071 
 
25025 
 
Atlanta 
 
Chicago 
 
Indianapolis 
 
New Orleans 
 
Boston 
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Table 1 (Continued)  
Name  FIPS Code  City 
Ramsey County, MN   27123  Near Minneapolis 
 
St. Louis County, MO 
 
29189 
 
St. Louis 
 
New York County, NY 
 
36061 
 
New York City (Manhattan) 
 
Clackamas County, OR 
 
 
41005 
 
Near Portland 
Philadelphia County, PA 
 
King County, WA 
42101 
 
53033 
Philadelphia 
 
Seattle 
 
The Encylopædia Britannica (2011), the Rand McNally Goode’s World Atlas (2000) as 
well as Merriam-Webster’s Geographical Dictionary (1997) provided brief geographical 
information about each of these locations.  Los Angeles County covers 4,070 square miles and is 
quite diverse geographically.  The western edges of the county adjoin the Pacific Ocean; the 
eastern parts of the county are largely occupied with several east-west mountain ranges.  Despite 
strict antipollution laws, photochemical smog remains a problem there during the warmer 
months; the problem is aggravated by the bowl-shaped arrangement of the surrounding 
mountains, which tend to trap the smog and increase its concentration over the area.  22 
San Diego County’s 4,262 square miles are taken up nearly completely by the city of San 
Diego.  Like Los Angeles, the western edge of the county adjoins the Pacific Ocean while the 
eastern edge is mountainous.  The northern part of the county is mountainous as well.   
  San Francisco County is only 45 square miles in area.  The county, located on a peninsula 
between the Pacific Ocean and San Francisco Bay, is completely occupied by the city of San 
Francisco.  The city is hilly, with its highest peaks exceeding 900 feet above sea level.     
  Miami-Dade County, Florida, includes the city of Miami as well as several suburbs in its 
2,042 square miles.  It is bounded on the east by the Atlantic Ocean and Biscayne Bay.  The 
Miami River flows through the county.  Located on the Atlantic Coastal Plain, the county is only 
a few feet above sea level.   
  Fulton County, Georgia is located in the foothills of the Blue Ridge Mountains, and is 
dominated by the city of Atlanta.  Numerous suburbs are also within its boundaries 530 square 
miles.  The biggest waterway in the county is the Chattahoochee River.   
  Cook County, Illinois is dominated by the city of Chicago.  Situated on Lake Michigan at 
the mouth of the Chicago River, the county sits on a glacial plane, so the landscape is mostly flat.  
The county’s 954 square miles are mostly urban.  While temperatures are moderated by the 
proximity to Lake Michigan, Chicago’s buildings and pavement are known to absorb and radiate 
heat sufficient to affect the local weather patterns.   
  Marion County, Indiana is home to Indianapolis.  Its 400 square miles are comprised 
mostly of a flat, sloping plane, coupled with small rolling hills.  The White River is the primary 
water feature.   23 
  Orleans Parish, Louisiana is bounded on the south by the Mississippi River, and on the 
north by Lake Pontchartrain and Lake Borgne.  The parish’s 205 square miles are coextensive 
with the city of New Orleans.  Part of the county is as much as 10 feet below sea level.   
  Suffolk County, Massachusetts’ 56 square miles include the city of Boston.  It is bounded 
on the east by Massachusetts Bay, and is situated where the Charles River flows into the Bay.  
The city sits in a shallow basin and is ringed by small hills.    
  Ramsey County, Minnesota’s 155 square miles are part of the Minneapolis-St. Paul 
metropolitan area.  Located just east of Minneapolis, its largest city is St. Paul.  The Mississippi 
River forms its western and southern boundaries.  Bluffs overlooking the river give way to plains 
to the north and east.  The county also features numerous lakes.  
  St. Louis County, Missouri, officially excludes the city of St. Louis, but is part of the St. 
Louis metropolitan area.  The two entities have a combined area of 560 square miles.  They are 
located along the Mississippi River, south of its confluence with the Missouri River.   
  New York County, New York is coextensive with both the borough of Manhattan and 
Manhattan Island, New York City.  Its 23 square miles are bordered on the west by the Hudson 
River, and on the east by the East River.  Except for a few city parks, the county is urban.   
  Clackamas County, Oregon is south and east of Portland.  (Clackamas County was 
included in this study because of a lack of data for Multnomah County, which includes Portland.) 
Its 1,884 square miles slope upwards toward the east, with the eastern edge of the county in the 
Cascades.  Several small rivers, including the Clackamas, Roaring and Molalla flow through the 
eastern part of the county.   24 
  Philadelphia County, Pennsylvania’s 335 square miles are coextensive with the city of 
Philadelphia.  It is situated at the confluence of the Delaware and Schuylkill Rivers.  The 
urbanized county is located on a series of gently rolling hills.   
King County, Washington includes the city of Seattle and its suburbs.   Bounded on the 
west by Puget Sound, the county’s urban areas give way to forested, mountainous areas in the 
Cascade Range on its eastern edge.  Its total area is 2,131 square miles.  
To facilitate analysis of regional patterns, the 15 cities were grouped into six regions.  
Each city belonged to two regions, as demonstrated in the following figures: 25 
 
Figure 5 
West cities: Seattle, Portland, San Francisco, Los Angeles, San Diego.  (Base map source: 
ESRI.)   
 26 
 
Figure 6 
Middle cities: Minneapolis, Chicago, Indianapolis, St. Louis, New Orleans.  (Base map source: 
ESRI.)  
 27 
 
Figure 7 
East cities: Boston, New York, Philadelphia, Atlanta, Miami.  (Base map source: ESRI.)  
 28 
 
Figure 8 
North cities: Seattle, Portland, Minneapolis, Boston.  (Base map source: ESRI.) 
 29 
 
Figure 9 
Central cities: San Francisco, St. Louis, Chicago, Indianapolis, Philadelphia, New York. (Base 
map source: ESRI.)   30 
 
Figure 10 
South cities: Los Angeles, San Diego, New Orleans, Atlanta, Miami.  (Base map source: ESRI.)   
  In an effort to gauge relationships among broad categories of variables, correlations were 
made among “banded” variables.  These were defined according to the following table:   
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Table 2 
Definitions of banded variables. 
Pollutant/Teleconnection Index  Range  Banded Value 
PM10  ≤ 22.089 µg/m
3  1 
   
22.09 – 40.378 µg/m
3 
 
2 
   
40.379 – 58.666 µg/m
3 
 
3 
   
58.667 – 76.955 µg/m
3 
 
4 
   
≥ 76.956 µg/m
3 
 
5 
 
O3 
 
≤.021 ppm 
 
1 
   
.022 - .043 ppm 
 
2 
   
.044 - .064 ppm 
 
3 
   
.065 - .086 ppm 
 
4 
   
≥ .087 ppm 
 
5 
 32 
Table 2 (Continued) 
 
 
   
Pollutant/Teleconnection Index  Range  Banded Value 
SO2  ≤ 21 ppm  1 
   
21.1 – 26.31 ppm 
 
2 
   
26.32 – 31.2 ppm 
 
3 
   
31.21 – 38.66 ppm 
 
4 
 
 
 
MEI 
 
 
 
 
 
≥ 38.67 ppm 
 
-3.5 - -2.1 
 
-2.09 - -0.7 
 
-0.69 – 0.7 
 
5 
 
1 
 
2 
 
3 
   
.71 – 2.1 
 
4 33 
Table 2 (Continued) 
Pollutant/Teleconnection Index  Range  Banded Value 
MEI (Continued)  2.11 – 3.5  5 
AO  -4.0 - -2.4  1 
 
  -2.39 - -0.8  2 
 
  -0.79 – 0.8  3 
 
  0.81 – 2.4  4 
 
  2.41 – 3.5  5 
 
NAO 
 
-3.5 - -2.1   1 
  -2.09 - -0.7  2 
 
  -0.69 – 0.7  3 
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Table 2 (Continued) 
Pollutant/Teleconnection Index  Range  Banded Value 
NAO (Continued)  .71 – 2.1  4 
 
  2.11 – 3.5  5 
 
  A further subset of data for analysis involved drawing correlations among teleconnection 
indices and pollutant levels exceeding EPA standards.  A complete discussion of the exceedances 
will be presented later.  Here, a table presenting the exceedance categories is included.   
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Table 3 
Definitions of banded variables for pollutant exceedances.  
Pollutant 
 
Range  Banded Value 
 
PM10 
 
 
≤ 319.2 µg/m
3 
 
1 
 
 
 
 
 
319.3 – 488.2 µg/m
3 
 
 
2 
 
 
 
 
 
 
488.3 – 657.2 µg/m
3 
 
 
3 
 
 
 
 
 
 
657.3 – 826.1 µg/m
3 
 
 
4 
 
 
 
 
 
 
≥ 826.2 µg/m
3 
 
 
5 
 
 
 
O3 
 
 
 
 
≤ .182 ppm 
 
 
 
1 
 
 
 
 
 
.183 - .244 ppm 
 
 
2 
 
 
 
 
 
 
.245 - .306 ppm 
 
 
 
3 
 
 
 
 
 
 
.307 - .368 ppm 
 
 
 
 
4 
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Table 3 (Continued) 
 
Pollutant 
 
Range  Banded Value 
 
O3 (Continued) 
 
 
≥ .369 ppm 
 
5 
 
 
SO2 
 
 
 
 
≤ .141 ppm 
 
 
1 
   
 
.142 – 1258.3 ppm 
 
 
 
 
2 
   
 
1258.4 – 2516.5 ppm 
 
 
 
 
3 
   
 
2516.6 – 3774.7 ppm 
 
 
 
 
4 
   
 
≥ 3774.8 ppm 
 
 
 
5 
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CHAPTER 4 
   
RESULTS 
PM10 
  For PM10, 19,278 cases dating from January 4, 1983 to December 31, 2004 were 
considered.  After aggregation by month, the number of cases considered came to 3,210.  
Correlations overall were not very strong: only .034 for MEI, .029 for AO, and .043 for NAO.  
The NAO correlation, though, was considered significant at the .05 level.  See Figure 11.   
 
 
Figure 11 Correlation between all PM10 cases and the NAO.   N=3210; Pearson’s r = .043.   
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  The strongest PM10 correlation for an individual city was for Miami and the AO from 
1985 to 1992.  (These were the only years available for this city.)  The Pearson’s r in this case 
was -.302; perhaps the low N (87) contributed to this higher correlation.  SPSS reported the 
correlation was significant at the 0.10 level.  See Figure 12.   
 
Figure 12 
Correlation between PM10 and AO Miami for 1985-1992.  N=87; Pearson’s r = -.302. 
 
Another stronger correlation was between PM10 and the MEI for San Diego from 1986 to 2004.  
See Figure 13.  SPSS reported the correlation significant at the 0.01 level.   
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Figure 13 
PM10 / MEI correlation for San Diego.  N=217; Pearson’s r = -.200. 
   
The strongest NAO/PM10 correlation for an individual city was for San Francisco, with a 
Pearson’s r of .130 and an N of 217.    Interestingly, San Francisco also had a significant (at the 
0.10 level) .197 correlation between the AO and PM10.   
The strongest correlation between PM10 and a teleconnection index for a given region 
was rather weak.  It was for the NAO and the central cities, with a Pearson’s r of .059.  SPSS 
reported it significant at the 0.05 level.  See Figure 14.   
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Figure 14 
PM10 / NAO correlation for central cities. N=1,375; Pearson’s r = .059.   
 
For banded variables for all counties, a Pearson’s r of .051 was produced for the 
correlation between PM10 and the MEI.  A value of .052 was produced for the NAO.  Both 
correlations were significant at the 0.01 level.  For the AO, the correlation was weaker: .036, 
statistically significant at the 0.05 level.  For individual cities, the strongest correlation was for 
the MEI in San Diego, at -.221, significant at the 0.01 level.  Also significant at that level was the 
.199 correlation with the MEI for New York, and the .179 correlation with the AO for San 
Francisco.  For the aggregated regions, the strongest correlation was between PM10 and the MEI 
for the east counties, at .094, statistically significant at the 0.01 level.  Also at that significance 
level were correlations with the AO for the west counties and .070 for central the counties.   
 As mentioned earlier, the EPA has defined a 24-hour PM10 exceedance as concentrations 
greater than 150 µg/m
3 (Lutz, 2002).  This limitation reduced the number of cases for all 
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counties to 1,628.  Two weak, but significant (at the 0.01 level) correlations were recorded: .086 
for AO, and .094 for NAO.  For an individual city, the strongest correlation was for Philadelphia, 
with significance at the 0.05 level.  See Figure 15.   
 
Figure 15 
PM10 / NAO Correlations for PM10 Exceedances for Philadelphia.  Pearson’s r = .265; N=66. 
   
For the regional aggregations for PM10 exceedances, both the west cities and the south 
cities showed the strongest correlations.  For the west, the MEI/PM10 correlation was -.072, 
significant at the 0.05 level.  (N=816).  The AO correlation was .135, significant at the 0.01 
level.  The NAO correlation was .126, again significant at the 0.01 level.  For the south, the AO 
correlation was .127, significant at the 0.01 level; the NAO correlation was .123, also significant 
at the 0.01 level.   
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For the banded exceedance variables, for all counties, there were correlations that were 
statistically significant at the 0.01 level for all three teleconnection indices.  The Pearson’s r for 
the MEI was -.113; for the AO, .096, and for the NAO, .065.  For individual cities, Los Angeles 
showed significance at the same levels, with correlations of -.174 for the MEI, .133 for the AO, 
and .102 for the NAO.  Ramsey County, MN, near Minneapolis, showed the strongest 
correlation, .386, for the NAO.  For the regional aggregations for banded exceedance variables, 
again the west counties were all statistically significant at the 0.01 level, with correlations of -
.170 for the MEI, .132 for the AO, and .100 for the NAO.  The north counties, which include 
Minneapolis, also showed a .364 correlation with the NAO.  The south counties also had 
significant correlations of -.169 for the MEI, .126 for the AO, and .097 for the NAO.   
 
Ozone 
Because most ozone problems occur during the warm months, this analysis was done 
twice.  First, all months for all years were considered.  They represent 4,153 cases from January 
1971 to December 2004.  Next, cases for all years, May through September, were considered.  
They represent 1,934 cases from May 1971 through September 2004.   
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Ozone: All Months 
  For all counties and all months, the strongest correlation was between O3 and the MEI.  
See Figure 16. 
 
Figure 16 
Correlation between O3 and the MEI for all counties and all months.  Pearson’s r = .095; 
N=4,193.  This correlation was significant at the 0.01 level.   
 
The best individual city correlation was for Atlanta.  See Figure 17. 
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Figure 17 
O3 / MEI correlations for Atlanta.  Pearson’s r = .225; N=159.  Significant at the 0.01 level.   
 
Two regions tied for best correlations, both with the MEI.  Both the east and north cities 
had correlations of .154, significant at the 0.01 level.  For banded variables, for all counties, the 
best correlation was .048 with the MEI, significant at the 0.01 level.  The best individual city was 
Seattle, with a correlation of .165, again with the MEI, and again significant at the 0.01 level.  
Neither the AO nor the NAO featured any correlations significant at this level.  For the regions, 
the best correlation was with the MEI in the middle counties, with a Pearson’s r of .090.  Again, 
it was significant at the 0.01 level, and again, neither of the other two teleconnection indices 
showed correlations significant at that level.     
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The EPA has defined two ozone exceedance standards: a maximum daily one-hour 
average of 0.12 ppm, and an eight-hour standard in which the 4
th maximum daily eight-hour 
average exceeds or is equal to 0.08 ppm averaged over three years.  For the correlations 
attempted in this study, the eight-hour standard would be meaningless, averaged as it is over 
three years.  So this study’s considerations of exceedances were confined to the one-hour 
average standard.   Surprisingly, not all the exceedances were measured in the May – September 
period.  In fact, every month was represented in the 7,764 exceedance cases considered between 
June 1971 and October 2004.   
For all counties, statistically significant correlations were drawn between one-hour ozone 
exceedances and the MEI and NAO.  See Figures 18 and 19. 
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Figure 18 
O3 / MEI correlations for 1-hr exceedances, all counties.  Pearson’s r = -.105; N=7764.  
Significant at the 0.01 level.   
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Figure 19 
O3 / NAO correlations for 1-hr exceedances, all counties.  Pearson’s r = .039; N=7764.  
Significant at the 0.01 level.   
 
For individual counties, the strongest correlation was between the one-hour ozone 
exceedances and the MEI for Philadelphia, with a Pearson’s r of -.273 (N=365), significant at the 
0.01 level.  Los Angeles also had correlations significant at this level for the MEI (-.131) and the 
NAO (.048).  N=5934.   
Four of the regions demonstrated significant correlations at the 0.01 level between a 
teleconnection index and one-hour ozone exceedances.  The west counties (N=6703) had a 
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Pearson’s r of -.118 with the MEI and .047 with the NAO.  The east counties (N=595) showed a 
Pearson’s r of -.178 with the MEI.  The central counties (N=976) had a correlation of -.140 with 
the MEI.  And the south counties (N=6757) showed a correlation of -.117 with the MEI, and .047 
with the NAO.   
Turning to the banded variables, for all counties, the one-hour ozone exceedances showed 
weak correlations at the 0.10 level with the MEI (-.091) and the NAO (.053).  N=7764 in both 
cases.  For individual counties, only two showed correlations at the 0.10 level.  Los Angeles 
showed a Pearson’s r of -.111 with the MEI and 0.61 for the NAO (N=5934 in both cases.)  The 
similarities with all counties were striking; they were explained by high percentage of the total 
sample (more than 76%) which came from Los Angeles.  Cook County showed a correlation of -
.214 with the MEI (N=151).  For the regional aggregations, again, the west counties showed 
correlations at the 0.10 level with the MEI (-.101) and the NAO (.059).  N=6703, which 
constitutes more than 83% of the total number of counties.  Not surprisingly, there was a 
similarity with the results for all counties.  The middle counties showed a correlation at a similar 
significance level with the MEI (-.154, N=466).  The central counties did likewise (-.116, 
N=976).  The south counties also displayed similarities with the total sample, with correlations 
of -.101 with the MEI and .060 with the NAO, both significant at the 0.10 level.  N=6757, and 
the south counties include Los Angeles, so again the similarities were not surprising.   
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Ozone: May – September 
  For May through September, for all counties as an aggregate, no statistically significant 
correlations were reported.  For individual counties, the strongest correlations were for Los 
Angeles.  This county featured a Pearson’s r of -.334 for the MEI, and .218 for the NAO, both 
significant at the 0.01 level.  See Figures 20 and 21.   
 
Figure 20 
O3 / MEI correlations for Los Angeles, May-September, 1974 – 2004.  Pearson’s r =  
-.334; N=149.   
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Figure 21 
O3 / NAO correlations for Los Angeles, May-September, 1974 – 2004.  Pearson’s r = .218; 
N=149.   
  
In addition, the O3 / MEI correlation for New York County was .229, also significant at the 0.01 
level.   
  At the 0.01 significance level, the best regional correlation for May through September 
ozone readings was .116 with the MEI for the east counties.  At the 0.05 level, a correlation of 
.121 with the MEI was discovered for the north counties.  No significant correlations with the 
AO or the NAO were recorded.   
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  For the banded variables, no significant correlations were recorded for all counties as a 
group.  The strongest correlations for an individual county were recorded for Los Angeles 
County, with an MEI correlation of -.278 and an NAO correlation of .217, both significant at the 
0.01 level.  None of the regional correlations was significant at the 0.01 level; the strongest was 
.100 with the NAO for the west counties, significant at the 0.05 level.   
     
SO2 
  For sulfur dioxide, 1,832,295 cases dating from January 1, 1970 to December 31, 2004 
were considered.  After aggregation by month, the number of cases considered came to 4,865.  
Correlations for all counties were very limited:  .010 for the MEI, -.015 for the AO, and .003 for 
the NAO.  None of the correlations for all cases were considered statistically significant by 
SPSS.  See Figure 22; note how flat the trendline is.   
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Figure 22 
SO2 / MEI correlation for all counties.  Pearson’s r = .010; N = 4865.  Correlation considered not 
statistically significant.   
 
For individual counties, the strongest correlations were between SO2 and the MEI.  
Correlations significant at the 0.01 level were recorded for San Francisco (-.221, N=313); 
Indianapolis (-.140, N= 387); Boston (-.222, N=393); Minneapolis (-.164, N=372) and St. Louis 
(-.150, N=404).  The only correlation with the AO significant at that level occurred at New York 
(-.141, N=413).  There were no correlations for individual cities at the 0.01 level between SO2 
and the NAO.   
For regions, correlations between SO2 and the MEI significant at the 0.01 level were 
recorded for the west counties (-.103, N=1519) and the north counties (-.097, N=1161).  No 
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correlations at that significance level were recorded for any region between SO2 and the AO or 
the NAO.   
For the banded variables, there were no significant correlations recorded.  That lack held 
true across all cities taken together, all cities taken individually, and all regions.  Apparently, so 
many of the values fit into the same band that SPSS considered them to be constants, and 
therefore no correlation was possible.   
The EPA has defined the primary 24-hour standard for SO2 to be .14 ppm, not to be 
exceeded more than once per year (Lutz, 2002).  For this analysis, the monthly aggregations for 
the pollutant were abandoned because they would have little meaning.  Instead, the hourly data 
was correlated with the monthly value of each teleconnection index.  For cases in excess of the 
standard in all counties (N=81,642), significant correlations at the 0.10 level were recorded with 
the MEI (.060) and the AO (-0.32).  For individual cities, significant correlations with the MEI 
were recorded for Los Angeles (.139, N=1838); San Francisco (-.068, N=10,359); Atlanta (.110, 
N=22,382); Chicago (.134, N=7,498); St. Louis (-.333, N=204); New York (.045, N=4,688); 
Portland (-.084, N=1,142); and Philadelphia (-.180, N=7,340).  For the AO, significant 
correlations were recorded for Atlanta (.022, N=22,382); Chicago (.042, N=7,498); Indianapolis 
(-.069, N=26,109); and New York (-.233, N=4,688).  For the NAO, significant correlations were 
recorded for Los Angeles (.079, N=1,838); Atlanta (.028, N=22,382); Indianapolis (-.051, 
N=26,109); New York (-.128, N=4,688); and Philadelphia (.036; N=7,340). 
Turning to exceedances for the regional aggregations, correlations significant at the 0.10 
level were recorded between SO2 levels and the MEI for all the regions: the west cities (-.132, 
N=13,386); the middle cities (.020, N=33,818); the east cities (.077, N=34,438); the north cities 
(-.126, N=1,223); the central cities (.012, N=56,198) and the south cities (.106, N=24,221).  For 54 
the AO, significant correlations were recorded for the west cities (.051, N=13,386); the middle 
cities (-.046, N=33,818) and the central cities (-.061, N=56,198).  For the NAO, significant 
correlations were recorded for the middle cities (-.028, N=33,818); the east cities (.011, 
N=34,438); the north cities (-.075, N=1,223); the central cities (-.018, N=56,198) and the south 
cities (.026, N=24,221).   
The banded variables for all counties (N=81,642) showed correlations significant at the 
0.01 level for the MEI (0.015) and the AO (0.014).  For individual cities, only New York showed 
a correlation at that level, -0.043 for the MEI (N=4688).  For the regional aggregations, the east 
cities (N=34,438) showed correlations significant at the 0.01 level for the MEI (0.025) and the 
AO (0.024).  The south cities (N=24,221) also showed correlations significant at that level for 
the MEI (0.032) and the AO (0.26).   
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CHAPTER 5 
 
DISCUSSION AND CONCLUSIONS 
Discussion 
One would hardly be tempted to make the “cause and effect” logical error on the basis of the 
generally weak correlations present in these thousands of cases covering several decades.  After 
all, correlations could well have been affected by other factors having nothing to do with 
teleconnections.  The construction of a new freeway or a new factory near a pollutant monitor, 
for example, could have easily impacted pollutant levels far more than the phase of an 
atmospheric teleconnection index.   
Nevertheless, the preceding section showed some correlations were indeed present in 
some cases between levels of PM10, O3 and SO2 and the phases of the MEI, AO and NAO.  For 
example, consider the relationship between PM10 and the AO for Miami (Figure 12).  Why was 
that correlation stronger than most of the others?  Part of the answer may lie in the predominant 
circulation patterns of the atmosphere for the years in question.   56 
 
Figure 23 
700 mb geopotential height anomalies, 1985 – 1992.   
 
Note the 700 mb anomalies for this period bore some resemblance to those of the high phase of 
the AO depicted in Figure 4.  Of course, the correlation could also be the result of the 
comparatively small N (87) of this particular data set.  As a test, correlations were done for the 
time range on a wider area, including Atlanta and New Orleans – a “southeastern region,” so to 
speak (N=396).  The correlations were much weaker – only -0.085.  To check further, the 
correlations were run again for the same dates, including only Miami and the closest city in the 
study, Atlanta (total N=313).  This time, the correlations were even weaker: -0.053.  Another test 57 
was run, this time using only Miami and New Orleans (N=170).  This time, the correlations were 
much stronger: -0.259, significant at the 0.01 level.  In some ways, this strength made sense: 
Miami and New Orleans may be farther apart than Miami and Atlanta, but both cities are located 
near sea level adjacent to large bodies of water.  The two cities are also farther south than Atlanta 
(Latitude 25º 45’ N for Miami; 29º 57’ N for New Orleans; 33º 45’N for Atlanta).  Miami’s and 
New Orleans’ similarities in topography and latitude could also have meant that any time zonal 
flow was established at 700 mb, the two cities experienced similar weather effects.  That 
similarity could have explained the high correlations between the Arctic Oscillation and the 
PM10 levels for both cities.   
  On a related note, a “southwestern region” consisting of San Diego, Los Angeles and San 
Francisco was set up to test whether the high correlation between MEI and PM10 for San Diego 
(-.200, significant at the 0.01 level) could be generalized to the nearby cities.  The correlation for 
these three cities was only -0.016.  Omitting San Francisco from the region led to an even lower 
correlation, -0.006 (N=432).  The correlation for San Francisco and San Diego, omitting Los 
Angeles (N again =432), was -0.101, significant at the .05 level.  It is an interesting paradox that 
including a city between two other cities with a fairly strong correlation weakens the overall 
correlation.  It could be that the larger size and topographical diversity of Los Angeles County, 
compared with San Diego County and San Francisco County, coupled with Los Angeles’ strong 
anti-pollution efforts, made that county more distinct from its neighbors, and hence less 
comparable.   
Another of the stronger correlations, between PM10 exceedances and the NAO for 
Philadelphia (Figure 15) had, like that for Miami, a comparatively low N of 66.  Was it a 
coincidence that the highest correlations also have the lowest Ns?  After all, the correlations for 58 
all PM10 cases – those with the highest Ns – were only .034 for MEI, .029 for AO, and .043 for 
NAO.  Similarly low correlations were noted for SO2 cases with high Ns.    Higher Ns yielding 
lower correlations argued against the notion that teleconnection phases are a determining factor 
in levels of these two pollutants.   
On the other hand, for ozone, the correlation with the MEI for all months and all counties 
was 0.095, with an N of 4,193 (see Figure 16).  And for ozone exceedances, significant 
correlations were obtained for all counties with the MEI (0.105, N=7,764) and the NAO (0.039, 
N=7,764).  (See Figures 18 and 19).  While the NAO correlation was weak, the other correlations 
indicated higher Ns did not necessarily hurt correlations between teleconnection phases and 
ozone levels.   
Nevertheless, the strongest correlations did seem to be associated with individual 
counties.  This fact could be due in part to the very nature of climatic phenomena – after all, any 
change in the weather, be it cold air advection or an influx of moisture or a shift in upper air 
patterns – is unlikely to be experienced equally by all regions.  Especially in counties where only 
a few years’ data was available, a teleconnection pattern could have been established which 
disappeared in the noise generated by several decades of data spread over a wider area.  
Another factor which may have been in play was the different physical geography of 
various sites.  If a new cross-town expressway or factory was built in a particular city, near some 
of the pollution monitors, levels of various pollutants could have been elevated for those areas.  
For cities with many decades of data, the “before” and “after” numbers could have been 
averaged out, hiding the influence of the construction.  But for cities with only a few years of 
data which reflected the higher pollutant levels which may have coincided with a particular 
phase of a teleconnection index, a better correlation may well have been achieved.   59 
By the same token, a county’s topography may have played a role.  Pollutants generated 
in a city bounded downwind by mountains – such as Los Angeles – would have been trapped in 
ways that cities with flatter topography – such as Miami – would not have been.  In fact, a quick 
check of the mean May-September ozone levels for the two cities yielded .035 ppm for Los 
Angeles and only .020 ppm for Miami, which supported this hypothesis.  It stands to reason that 
correlations will have been stronger for individual counties than for regions because of the 
variations in landforms introduced by regionalization.   
 
Conclusions 
After reviewing all the data, it was evident that weak correlations were present in some 
cases between the phases of the MEI, AO and NAO and levels of PM10, O3 and SO2 during the 
years studied.  In some cases, it was possible to regionalize these correlations to neighboring 
areas.  On the other hand, sometimes regionalization led to weakening correlations.  The 
strongest correlations were for individual counties, often those with lower numbers of cases.   
One possibility for the weakness in these correlations could have been the difference 
between where these teleconnection indices were determined – at the 700 mb level, about 10,000 
feet above ground level – and the pollution measurements, which were done at or near the 
surface.  One need only compare a surface weather map with a 700 mb map to see the 
differences in conditions at the two levels.  If measurements are being made in two places, it 
stands to reason the correspondence will not be exact – hence the weak correlations found in this 
study.   
In any event, correlations do not equal cause and effect.  It is not possible to state with 
confidence that those pollutant level variations were caused by the shifting phases of these 60 
teleconnection indices.  There were many other factors at play which may well have affected 
pollutant levels as much as, if not more, than the phase of the teleconnection indices.  On the 
other hand, the correlations, while often weak, were certainly present.  It would be a mistake to 
ignore the role of atmospheric teleconnections when considering air pollution levels for a given 
region.   
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CHAPTER 6 
 
FUTURE RESEARCH 
  To further flesh out the relationships between air pollutant levels and teleconnection 
index phases, it would be instructive to thoroughly investigate the physical attributes of each 
individual pollutant monitor site.  The area could be checked for the construction of factories, 
highways, housing and other developments which could affect pollutant generation.  Such an 
undertaking would require considerable time and effort.  Perhaps a more reasonable approach 
would be to limit this procedure to a few sites, or even to one.   
  In addition, a careful review of EPA and other government regulations over the period is 
needed.  Pollutant generation may well be reduced to comply with new regulations passed during 
the study period.  As mentioned earlier, this review would require considerable time and effort.  
Ascertaining the federal regulations would not be too difficult, but determining the various state, 
county and municipal regulations would be a much larger project.  In addition, there is the 
question of how well polluters are complying with the changed regulations.  A review of fines 
and litigation would also be in order.  As mentioned in the previous paragraph, a reasonable 
approach may be to limit the inquiry to a few sites, or even to one.   
  Another area of future research would be to investigate other possible correlations.  Are 
pollutant levels higher in particular years or decades, independent of the phases of the 
teleconnection indices?  And for that matter, there are more teleconnection indices as well as 62 
more pollutants to consider.  Given the multiplicity of combinations available, researchers in this 
area could be occupied for many years to come.   
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APPENDIX A: DATA CORRELATIONS 
Table 4 
Correlations among PM10, MEI, AO and NAO expressed as a percentage of the standard 
deviation (*=significant at the 0.05 level; **  = significant at the 0.01 level)  
FIPS  County/Region  N  MEI  AO  NAO 
--  All  3210  .034  .029  .043* 
 
06037 
 
Los Angeles, CA 
 
217 
 
.094 
 
.066 
 
.031 
 
06073 
 
San Diego, CA 
 
217 
 
-.200** 
 
.072 
 
.084 
 
06075 
 
San Francisco, CA 
 
217 
 
-.040 
 
.197** 
 
.130 
 
12025 
 
Miami/Dade, FL 
 
87 
 
.028 
 
-.302** 
 
-.143 
 
13121 
 
Fulton, GA 
 
226 
 
.088 
 
.031 
 
.004 
 
17031 
 
Cook, IL 
 
251 
 
.034 
 
.085 
 
.082 
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Table 4 (Continued) 
FIPS  County/Region  N  MEI  AO  NAO 
18097  Marion, IN  262  .132*  -.002  .077 
 
22071 
 
Orleans, LA 
 
215 
 
.091 
 
-.016 
 
-.011 
 
25025 
 
Suffolk, MA 
 
239 
 
-.103 
 
-.023 
 
.066 
 
27123 
 
Ramsey, MN 
 
230 
 
.013 
 
.105 
 
.100 
 
29189 
 
St. Louis, MO 
 
202 
 
-.012 
 
-.002 
 
.026 
 
36061 
 
New York, NY 
 
205 
 
.119 
 
.112 
 
.050 
 
41005 
 
Clackamas, OR 
 
171 
 
-.032 
 
.005 
 
-.018 
 
42101 
 
Philadelphia, PA 
 
238 
 
.062 
 
.041 
 
.049 
 
53033 
 
King, WA 
 
233 
 
.046 
 
-.038 
 
.108 
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Table 4 (Continued) 
 
FIPS  County/Region  N  MEI  AO  NAO 
--  West Counties  1055  .009  .050  .058 
           
--  Middle Counties  1160  .051  .018  .048 
           
--  East Counties  995  .048  .013  .021 
           
--  North Counties  873  -.001  .003  .063 
           
--  Central Counties  1375  .048  .057*  .059* 
           
--  South Counties  962  .038  .006  .002 
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Table 5 
Correlations among PM10, MEI, AO and NAO for banded variables expressed as a percentage of 
the standard deviation (* = significant at the 0.05 level; ** = significant at the 0.01 level)  
FIPS  County/Region  N  MEI  AO  NAO 
--  All  3210  .051**  .036*  .052** 
 
06037 
 
Los Angeles, CA 
 
217 
 
.133 
 
.097 
 
.052 
 
06073 
 
San Diego, CA 
 
217 
 
-.221** 
 
.116 
 
.089 
 
06075 
 
San Francisco, CA 
 
217 
 
-.032 
 
.179 
 
.133* 
 
12025 
 
Miami/Dade, FL 
 
87 
 
.082 
 
-.209 
 
-.167 
 
13121 
 
Fulton, GA 
 
226 
 
.147* 
 
.037 
 
-.004 
 
17031 
 
Cook, IL 
 
251 
 
.067 
 
.089 
 
.043 
 
18097 
 
Marion, IN 
 
262 
 
.098 
 
.000 
 
.084 
 
22071 
 
Orleans, LA 
 
215 
 
.94 
 
-.031 
 
-.018 
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Table 5 (Continued) 
FIPS  County/Region  N  MEI  AO  NAO 
25025  Suffolk, MA  239  -.053  -.087  .066 
 
27123 
 
Ramsey, MN 
 
230 
 
.039 
 
.092 
 
.089 
 
29189 
 
St. Louis, MO 
 
202 
 
.007 
 
.047 
 
-.015 
 
36061 
 
New York, NY 
 
205 
 
.199** 
 
.153* 
 
.110 
 
41005 
 
Clackamas, OR 
 
171 
 
-.018 
 
-.001 
 
-.015 
 
42101 
 
Philadelphia, PA 
 
238 
 
.093 
 
.033 
 
.104 
 
53033 
 
King, WA 
 
233 
 
.094 
 
.085 
 
.127 
 
-- 
 
West Counties 
 
1055 
 
.010 
 
.088** 
 
.075* 
 
-- 
 
Middle Counties 
 
1160 
 
.057 
 
.006 
 
.036 
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Table 5 (Continued)  
FIPS  County/Region  N  MEI  AO  NAO 
--  East Counties  995  .094**  .011  .043 
 
-- 
 
North Counties 
 
873 
 
.022 
 
.024 
 
.078* 
 
-- 
 
Central Counties 
 
1375 
 
.067* 
 
.049 
 
.070** 
 
-- 
 
South Counties 
 
962 
 
.056 
 
.023 
 
.001 
 
 
   74 
Table 6  
Correlations among PM10, MEI, AO and NAO for PM10 24-hour exceedances (PM10 > 150 
µg/m3) expressed as a percentage of the standard deviation (* = significant at the 0.05 level; ** 
= significant at the 0.01 level)  
FIPS  County/Region  N  MEI  AO  NAO 
--  All  1628  -.029  .086**  .094** 
 
06037 
 
Los Angeles, CA 
 
789 
 
-.069 
 
.134** 
 
.128** 
 
06073 
 
San Diego, CA 
 
4 
 
-.676 
 
.871 
 
.844 
 
06075 
 
San Francisco, CA 
 
0 
 
-- 
 
-- 
 
-- 
 
12025 
 
Miami/Dade, FL 
 
0 
 
-- 
 
-- 
 
-- 
 
13121 
 
Fulton, GA 
 
31 
 
.118 
 
-.067 
 
-.145 
           
17031  Cook, IL  640  .042  .021  .012 
           
18097  Marion, IN  2  1.000**  -1.000**  -.1000** 
 
22071 
 
Orleans, LA 
 
0 
 
-- 
 
-- 
 
-- 
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Table 6 (Continued)  
FIPS  County/Region  N  MEI  AO  NAO 
25025  Suffolk, MA  0  --  --  -- 
 
27123 
 
Ramsey, MN 
 
62 
 
-.116 
 
-.236 
 
-.129 
 
29189 
 
St. Louis, MO 
 
0 
 
-- 
 
-- 
 
-- 
 
36061 
 
New York, NY 
 
9 
 
-.478 
 
.150 
 
-.421 
 
41005 
 
Clackamas, OR 
 
0 
 
-- 
 
-- 
 
-- 
           
42101  Philadelphia, PA  66  .099  .235  .265* 
           
53033  King, WA  22  -.342  .042  .300 
           
 --  West Counties  816  -.0272*  .135**  .126** 
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Table 6 (Continued)  
FIPS  County/Region  N  MEI  AO  NAO 
--  Middle Counties  706  .041  -.012  .014 
 
-- 
 
East Counties 
 
106 
 
.176 
 
.128 
 
.178 
 
-- 
 
North Counties 
 
84 
 
-.128 
 
-.113 
 
.165 
 
-- 
 
Central Counties 
 
719 
 
.061 
 
.047 
 
.057 
 
-- 
 
South Counties 
 
825 
 
-.066 
 
.127** 
 
.123** 
   77 
Table 7 
Correlations among PM10, MEI, AO and NAO for PM10 24-hour exceedances (PM10 > 150 
µg/m3) banded variables expressed as a percentage of the standard deviation (* = significant at 
the 0.05 level; ** = significant at the 0.01 level; a=could not be computed because at least one 
variable was a constant)  
FIPS  County/Region  N  MEI  AO  NAO 
--  All  1628  -.113**  .096**  .065** 
 
06037 
 
Los Angeles, CA 
 
789 
 
-.174** 
 
.133** 
 
.102** 
 
06073 
 
San Diego, CA 
 
4 
 
a 
 
a 
 
a 
 
06075 
 
San Francisco, CA 
 
1 
 
a 
 
a 
 
a 
 
12025 
 
Miami/Dade, FL 
 
0 
 
-- 
 
-- 
 
-- 
 
13121 
 
Fulton, GA 
 
31 
 
a 
 
a 
 
a 
           
17031  Cook, IL  640  -.022  .017  -.043 
           
18097  Marion, IN  2  1.000**  1.000**  1.000** 
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Table 7 (Continued) 
FIPS  County/Region  N  MEI  AO  NAO 
22071  Orleans, LA  1  a  a  a 
 
25025 
 
Suffolk, MA 
 
0 
 
-- 
 
-- 
 
-- 
 
27123 
 
Ramsey, MN 
 
62 
 
.034 
 
-.027 
 
.386** 
 
29189 
 
St. Louis, MO 
 
1 
 
a 
 
a 
 
a 
 
36061 
 
New York, NY 
 
9 
 
a 
 
a 
 
a 
 
41005 
 
Clackamas, OR 
 
0 
 
-- 
 
-- 
 
-- 
           
42101  Philadelphia, PA  66  -.031  .311*  .239 
           
53033  King, WA  23  a  a  a 
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Table 7 (Continued) 
FIPS  County/Region  N  MEI  AO  NAO 
--  West Counties  816  -.170**  .132**  .100** 
 
-- 
 
Middle Counties 
 
706 
 
-.007 
 
.012 
 
-.012 
 
-- 
 
East Counties 
 
106 
 
.065 
 
.197 
 
.182 
 
-- 
 
North Counties 
 
84 
 
.016 
 
.034 
 
.364** 
 
-- 
 
Central Counties 
 
719 
 
-.005 
 
.059 
 
.007 
 
-- 
 
South Counties 
 
825 
 
-.169** 
 
.126** 
 
.097** 
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Table 8 
Correlations among O3, MEI, AO and NAO expressed as a percentage of the standard deviation 
(* = significant at the 0.05 level; ** = significant at the 0.01 level)  
FIPS  County/Region  N  MEI  AO  NAO 
--  All  4153  .095**  .038*  -.018 
 
06037 
 
Los Angeles, CA 
 
362 
 
-.130 
 
.065 
 
.015 
 
06073 
 
San Diego, CA 
 
360 
 
.103 
 
.088 
 
-.014 
 
06075 
 
San Francisco, CA 
 
327 
 
.055 
 
.082 
 
-.067 
 
12025 
 
Miami/Dade, FL 
 
193 
 
.114 
 
-.023 
 
.071 
 
13121 
 
Fulton, GA 
 
159 
 
.225** 
 
-.120 
 
.007 
           
17031  Cook, IL  387  .114*  .024  -.030 
           
18097  Marion, IN  223  .058  .005  -.052 
           
22071  Orleans, LA  365  .158**  .039  .012 
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Table 8 (Continued) 
FIPS  County/Region  N  MEI  AO  NAO 
25025  Suffolk, MA  331  .135*  -.004  -.049 
 
27123 
 
Ramsey, MN 
 
124 
 
.123 
 
.043 
 
-.055 
 
29189 
 
St. Louis, MO 
 
254 
 
.066 
 
.088 
 
.104 
 
36061 
 
New York, NY 
 
352 
 
.212** 
 
.036 
 
-.019 
 
41005 
 
Clackamas, OR 
 
56 
 
-.118 
 
.273* 
 
.184 
           
42101  Philadelphia, PA  376  .094  .021  -.086 
           
53033  King, WA  284  .203**  .111  .034 
           
--  West Counties  1389  .010  .073**  .007 
   82 
Table 8 (Continued) 
FIPS  County/Region  N  MEI  AO  NAO 
--  Middle Counties  1353  .125**  .035  -.023 
 
-- 
 
East Counties 
 
1411 
 
.154** 
 
.007 
 
-.039 
 
-- 
 
North Counties 
 
795 
 
.154** 
 
.053 
 
-.017 
 
-- 
 
Central Counties 
 
1919 
 
.105** 
 
.034 
 
-.044 
 
-- 
 
South Counties 
 
1439 
 
.036 
 
.037 
 
.005 
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Table 9 
Correlations among O3, MEI, AO and NAO banded variables expressed as a percentage of the 
standard deviation (* = significant at the 0.05 level; ** = significant at the 0.01 level)  
FIPS  County/Region  N  MEI  AO  NAO 
--  All  4153  .048**  ,011  ,022 
 
06037 
 
Los Angeles, CA 
 
362 
 
-.103* 
 
.054 
 
.034 
 
06073 
 
San Diego, CA 
 
360 
 
.086 
 
.009 
 
.077 
 
06075 
 
San Francisco, CA 
 
327 
 
-.027 
 
.036 
 
-.028 
 
12025 
 
Miami/Dade, FL 
 
193 
 
-.082 
 
-.020 
 
.068 
 
13121 
 
Fulton, GA 
 
159 
 
.146 
 
-.116 
 
.002 
           
17031  Cook, IL  387  .093  .011  .004 
           
18097  Marion, IN  223  .068  -.030  -.024 
 
22071 
 
Orleans, LA 
 
365 
 
.100 
 
-.012 
 
-.007 
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Table 9 (Continued) 
FIPS  County/Region  N  MEI  AO  NAO 
25025  Suffolk, MA  331  .068  -.030  -.024 
 
27123 
 
Ramsey, MN 
 
124 
 
.032 
 
.121 
 
.048 
 
29189 
 
St. Louis, MO 
 
254 
 
.039 
 
.056 
 
.101 
 
36061 
 
New York, NY 
 
352 
 
.125* 
 
-.007 
 
-.051 
 
41005 
 
Clackamas, OR 
 
56 
 
-.271* 
 
.090 
 
.063 
           
42101  Philadelphia, PA  376  .004  -.028  -.073 
           
53033  King, WA  284  .165**  .079  .064 
           
--  West Counties  1389  -.004  .043  .041 
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Table 9 (Continued) 
FIPS  County/Region  N  MEI  AO  NAO 
--  Middle Counties  1353  .090**  .014  -.001 
 
-- 
 
East Counties 
 
1411 
 
.061* 
 
-.024 
 
-.035 
 
-- 
 
North Counties 
 
795 
 
.087* 
 
.045 
 
.015 
 
-- 
 
Central Counties 
 
1919 
 
.051* 
 
.000 
 
-.027 
 
-- 
 
South Counties 
 
1439 
 
.012 
 
.005 
 
.027 
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Table 10  
Correlations among O3, MEI, AO and NAO for May through September expressed as a 
percentage of the standard deviation (* = significant at the 0.05 level; ** = significant at the 0.01 
level) 
FIPS  County/Region  N  MEI  AO  NAO 
--  All  1934  .056*  .032  .013 
 
06037 
 
Los Angeles, CA 
 
149 
 
-.334** 
 
.111 
 
.218** 
 
06073 
 
San Diego, CA 
 
150 
 
.108 
 
.112 
 
.057 
 
06075 
 
San Francisco, CA 
 
138 
 
.071 
 
.073 
 
-.100 
 
12025 
 
Miami/Dade, FL 
 
76 
 
.011 
 
-.068 
 
.027 
 
13121 
 
Fulton, GA 
 
92 
 
.212* 
 
-.211* 
 
-.027 
           
17031  Cook, IL  161  .198*  .078  .056 
           
18097  Marion, IN  144  .053  -.025  -.032 
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Table 10 (Continued)  
FIPS  County/Region  N  MEI  AO  NAO 
22071  Orleans, LA  154  .096  .110  .071 
 
25025  Suffolk, MA  142  .093  .088  .011 
 
27123 
 
Ramsey, MN 
 
52 
 
.173 
 
.023 
 
.116 
 
29189 
 
St. Louis, MO 
 
154 
 
-.031 
 
.043 
 
.108 
 
36061 
 
New York, NY 
 
151 
 
.229** 
 
-.002 
 
-.081 
 
41005 
 
Clackamas, OR 
 
55 
 
-.166 
 
.264 
 
.199 
           
42101  Philadelphia, PA  157  .150  -.049  -.096 
           
53033  King, WA  159  .188*  .043  .016 
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Table 10 (Continued)  
FIPS  County/Region  N  MEI  AO  NAO 
--  West Counties  651  .188*  .043  .016 
           
--  Middle Counties  651  -.052  .061  .073 
 
-- 
 
East Counties 
 
618 
 
.116** 
 
-.026 
 
-.048 
 
-- 
 
North Counties 
 
408 
 
.121* 
 
.076 
 
.034 
 
-- 
 
Central Counties 
 
905 
 
.087** 
 
/015 
 
-.013 
 
-- 
 
South Counties 
 
621 
 
-.066 
 
.038 
 
.076 
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Table 11 
Correlations among O3, MEI, AO and NAO for banded variables for May through September 
expressed as a percentage of the standard deviation (* = significant at the 0.05 level; ** = 
significant at the 0.01 level)  
FIPS  County/Region  N  MEI  AO  NAO 
--  All  1934  .028  .037  .033 
 
06037 
 
Los Angeles, CA 
 
149 
 
-.278** 
 
.087 
 
.217** 
 
06073 
 
San Diego, CA 
 
150 
 
.131 
 
.000 
 
.209* 
 
06075 
 
San Francisco, CA 
 
138 
 
.021 
 
.060 
 
-.022 
 
12025 
 
Miami/Dade, FL 
 
76 
 
-.073 
 
-.047 
 
.015 
 
13121 
 
Fulton, GA 
 
92 
 
.212* 
 
.001 
 
-.124 
           
17031  Cook, IL  161  .146  .108  .116 
           
18097  Marion, IN  144  .093  -.038  -.023 
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Table 11 (Continued) 
FIPS  County/Region  N  MEI  AO  NAO 
22071  Orleans, LA  154 
 
.089  .004  .015 
25025  Suffolk, MA  142  .113  .046  .032 
 
27123 
 
Ramsey, MN 
 
52 
 
-.006 
 
.118 
 
.148 
 
29189 
 
St. Louis, MO 
 
154 
 
-.072 
 
.053 
 
.055 
 
36061 
 
New York, NY 
 
151 
 
.184* 
 
.122 
 
-.072 
 
41005 
 
Clackamas, OR 
 
55 
 
-.288* 
 
.092 
 
.069 
           
42101  Philadelphia, PA  157  .019  -.118  -.103 
           
53033  King, WA  159  .122  .062  .069 
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Table 11 (Continued) 
FIPS  County/Region  N  MEI  AO  NAO 
--  West Counties  651  -.039  .053  .100* 
           
--  Middle Counties  665  .073  .039  .036 
 
-- 
 
East Counties 
 
618 
 
.065 
 
.018 
 
-.057 
 
-- 
 
North Counties 
 
408 
 
.058 
 
.068 
 
.059 
 
-- 
 
Central Counties 
 
905 
 
.050 
 
.034 
 
-.001 
 
-- 
 
South Counties 
 
621 
 
-.039 
 
.027 
 
.063 
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Table 12  
Correlations among O3, MEI, AO and NAO for 1 hr exceedances expressed as a percentage of 
the standard deviation (** = significant at the 0.01 level) Note Ns may be higher than for all 
instances because exceedances are not aggregated by month.   
FIPS  County/Region  N  MEI  AO  NAO 
--  All  7764  -.105**  .017  .039** 
 
06037 
 
Los Angeles, CA 
 
5934 
 
-.131** 
 
.017 
 
.046** 
 
06073 
 
San Diego, CA 
 
747 
 
-.016 
 
.021 
 
.043 
 
06075 
 
San Francisco, CA 
 
0 
 
-- 
 
-- 
 
-- 
 
12025 
 
Miami/Dade, FL 
 
10 
 
-.381 
 
-.190 
 
-.260 
 
13121 
 
Fulton, GA 
 
61 
 
.072 
 
-.158 
 
-.349** 
           
17031  Cook, IL  151  -.131  -.064  -.062 
           
18097  Marion, IN  32  -.156  .061  .326 
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Table 12 (Continued)   
FIPS  County/Region  N  MEI  AO  NAO 
22071  Orleans, LA  5  -.739  .757  .751 
 
25025 
 
Suffolk, MA 
 
8 
 
-.468 
 
-.059 
 
.624 
 
27123 
 
Ramsey, MN 
 
0 
 
-- 
 
-- 
 
-- 
 
29189 
 
St. Louis, MO 
 
277 
 
-.035 
 
-.082 
 
-.065 
 
36061 
 
New York, NY 
 
151 
 
-.125 
 
-.099 
 
-.010 
 
41005 
 
Clackamas, OR 
 
4 
 
.249 
 
.160 
 
-.275 
           
42101  Philadelphia, PA  365  -.273**  .003  .034 
           
53033  King, WA  18  .170  -.172  -.189 
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Table 12 (Continued)   
FIPS  County/Region  N  MEI  AO  NAO 
--  West Counties  6703  -.118**  .019  .047** 
           
--  Middle Counties  496  -.076  -.062  -.051 
 
-- 
 
East Counties 
 
595 
 
-.178** 
 
-.308 
 
-.003 
 
-- 
 
North Counties 
 
31 
 
-.154 
 
-.049 
 
.083 
 
-- 
 
Central Counties 
 
976 
 
-.140** 
 
-.051 
 
-.013 
 
-- 
 
South Counties 
 
6757 
 
-.117** 
 
.018 
 
.047** 
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Table 13 
Correlations among O3, MEI, AO and NAO for 1-hr exceedances for banded variables expressed 
as a percentage of the standard deviation (* = significant at the 0.05 level; ** = significant at the 
0.01 level; a=could not be computed because at least one variable was a constant)   
FIPS  County/Region  N  MEI  AO  NAO 
--  All  7764  -.091**  .016  .053** 
 
06037 
 
Los Angeles, CA 
 
5934 
 
-.111** 
 
.015 
 
.061** 
 
06073 
 
San Diego, CA 
 
747 
 
.005 
 
.021 
 
.024 
 
06075 
 
San Francisco, CA 
 
0 
 
-- 
 
-- 
 
-- 
 
12025 
 
Miami/Dade, FL 
 
10 
 
a 
 
a 
 
a 
 
13121 
 
Fulton, GA 
 
61 
 
a 
 
a 
 
a 
           
17031  Cook, IL  151  -.214**  -.023  -.032 
           
18097  Marion, IN  32  -.224  -.014  .248 
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Table 13 (Continued)   
FIPS  County/Region  N  MEI  AO  NAO 
22071  Orleans, LA  5  a  a  a 
 
25025 
 
Suffolk, MA 
 
8 
 
a 
 
a 
 
a 
 
27123 
 
Ramsey, MN 
 
1 
 
a 
 
a 
 
a 
 
29189 
 
St. Louis, MO 
 
277 
 
-.102 
 
-.007 
 
-.066 
 
36061 
 
New York, NY 
 
151 
 
-.119 
 
-.041 
 
.035 
 
41005 
 
Clackamas, OR 
 
4 
 
a 
 
a 
 
a 
           
42101  Philadelphia, PA  365  -.089  -,012  -0.29 
           
53033  King, WA  18  a  a  a 
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Table 13 (Continued) 
FIPS  County/Region  N  MEI  AO  NAO 
--  West Counties  6703  -.101**  .015  .059** 
           
--  Middle Counties  466  -.154**  -.012  -.039 
 
-- 
 
East Counties 
 
595 
 
-.086* 
 
-.019 
 
.006 
 
-- 
 
North Counties 
 
31 
 
a 
 
a 
 
a 
 
-- 
 
Central Counties 
 
976 
 
-.116** 
 
-.015 
 
-.020 
 
-- 
 
South Counties 
 
6757 
 
-.101** 
 
.015 
 
.060** 
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Table 14   
Correlations among SO2, MEI, AO and NAO expressed as a percentage of the standard deviation 
(* = significant at the 0.05 level; ** = significant at the 0.01 level; a=could not be computed 
because at least one variable was a constant)   
FIPS  County/Region  N  MEI  AO  NAO 
--  All  4865  .010  -.015  .003 
 
06037 
 
Los Angeles, CA 
 
419 
 
-.015 
 
.062 
 
-.014 
 
06073 
 
San Diego, CA 
 
391 
 
.076 
 
.006 
 
.098 
 
06075 
 
San Francisco, CA 
 
313 
 
 
-.221** 
 
-.058 
 
-.042 
12025  Miami/Dade, FL  135  -.074  -.179*  -.125 
 
13121 
 
Fulton, GA 
 
384 
 
.088 
 
-.414 
 
.020 
           
17031  Cook, IL  419  .019  -.038  .038 
           
18097  Marion, IN  387  -.140**  -.084  -.032 
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Table 14 (Continued)   
FIPS  County/Region  N  MEI  AO  NAO 
22071  Orleans, LA  25  -.042  .163  -.234 
 
25025 
 
Suffolk, MA 
 
393 
 
-.222** 
 
-.040 
 
-.032 
 
27123 
 
Ramsey, MN 
 
372 
 
-.164** 
 
-.044 
 
-.017 
 
29189 
 
St. Louis, MO 
 
404 
 
-.150** 
 
.003 
 
.041 
 
36061 
 
New York, NY 
 
413 
 
-.007 
 
-.141** 
 
-.076 
 
41005 
 
Clackamas, OR 
 
14 
 
-.207 
 
-.186 
 
-.281 
           
42101  Philadelphia, PA  412  -.014  -.009  .051 
           
53033  King, WA  382  -.057  .012  .016 
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Table 14 (Continued)   
FIPS  County/Region  N  MEI  AO  NAO 
--  West Counties  1519  -.103**  .026  -.005 
           
--  Middle Counties  1607  -.049  -.044  -.008 
 
-- 
 
East Counties 
 
1739 
 
.038 
 
-.012 
 
.009 
 
-- 
 
North Counties 
 
1161 
 
-.097** 
 
.046 
 
.003 
 
-- 
 
Central Counties 
 
2348 
 
-.047* 
 
-.049* 
 
 
-.007 
--  South Counties  1356  .043  -.006  .011 
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Table 15  
Correlations among SO2, MEI, AO and NAO for exceedances expressed as a percentage of the 
standard deviation (* = significant at the 0.05 level; ** = significant at the 0.01 level).  Note Ns 
may be higher than for all instances because exceedances are not aggregated by month.   
FIPS  County/Region  N  MEI  AO  NAO 
--  All  81642  .060**  -.032**  .001 
 
06037 
 
Los Angeles, CA 
 
1838 
 
.139** 
 
.004 
 
.079** 
 
06073 
 
San Diego, CA 
 
0 
 
-- 
 
-- 
 
-- 
 
06075 
 
San Francisco, CA 
 
10359 
 
-.068** 
 
-.018 
 
.025* 
 
12025 
 
Miami/Dade, FL 
 
0 
 
-- 
 
-- 
 
-- 
 
13121 
 
Fulton, GA 
 
22382 
 
.110** 
 
.022** 
 
.028** 
           
17031  Cook, IL  7498  .134**  .042**  -.010 
           
18097  Marion, IN  26109  -.009  -.069**  -.051** 
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Table 15 (Continued)   
FIPS  County/Region  N  MEI  AO  NAO 
22071  Orleans, LA  0  --  --  -- 
 
25025 
 
Suffolk, MA 
 
27 
 
.023 
 
-.144 
 
.120 
 
27123 
 
Ramsey, MN 
 
7 
 
-.071 
 
-.318 
 
.605 
 
29189 
 
St. Louis, MO 
 
204 
 
-.333** 
 
.106 
 
.047 
 
36061 
 
New York, NY 
 
4688 
 
.045** 
 
-.233** 
 
-.128** 
 
41005 
 
Clackamas, OR 
 
1142 
 
-.084** 
 
-.001 
 
-.067* 
           
42101  Philadelphia, PA  7340  -.180**  .026*  .036** 
           
53033  King, WA  47  .045  -.173  -.107 
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Table 15 (Continued)   
FIPS  County/Region  N  MEI  AO  NAO 
--  West Counties  13386  -.132**  .051**  .016 
           
--  Middle Counties  33818  .020**  -.046**  -.028** 
 
-- 
 
East Counties 
 
34438 
 
.077** 
 
.003 
 
.011* 
 
-- 
 
North Counties 
 
1223 
 
-.126** 
 
.015 
 
-.075** 
 
-- 
 
Central Counties 
 
56198 
 
.012** 
 
-.061** 
 
-.018** 
 
-- 
 
South Counties 
 
24221 
 
.106** 
 
.008 
 
.026** 
 
   104 
Table 16 
Correlations among SO2, MEI, AO and NAO for banded variables expressed as a percentage of 
the standard deviation (a=could not be computed because at least one variable was a constant).   
FIPS  County/Region  N  MEI  AO  NAO 
--  All  4865  .026  .014  .006 
 
06037 
 
Los Angeles, CA 
 
419 
 
a 
 
a 
 
a 
 
06073 
 
San Diego, CA 
 
391 
 
a 
 
a 
 
a 
 
06075 
 
San Francisco, CA 
 
313 
 
a 
 
a 
 
a 
 
12025 
 
Miami/Dade, FL 
 
135 
 
a 
 
a 
 
a 
 
13121 
 
Fulton, GA 
 
386 
 
.092 
 
.050 
 
.022 
           
17031  Cook, IL  419  a  a  a 
           
18097  Marion, IN  387  a  a  a 
 
22071 
 
Orleans, LA 
 
25 
 
a 
 
a 
 
a 
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Table 16 (Continued) 
FIPS  County/Region  N  MEI  AO  NAO 
25025  Suffolk, MA  393  a  a  a 
 
27123 
 
Ramsey, MN 
 
372 
 
a 
 
a 
 
a 
 
29189 
 
St. Louis, MO 
 
404 
 
a 
 
a 
 
a 
 
36061 
 
New York, NY 
 
413 
 
a 
 
a 
 
 
a 
41005  Clackamas, OR  14  a  a  a 
           
42101  Philadelphia, PA  412  a  a  a 
           
53033  King, WA  382  a  a  a 
           
--  West Counties  1519  a  a  a 
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Table 16 (Continued)   
FIPS  County/Region  N  MEI  AO  NAO 
--  Middle Counties  1607  a  a  a 
 
-- 
 
East Counties 
 
1739 
 
.043 
 
.024 
 
.011 
 
-- 
 
North Counties 
 
1161 
 
a 
 
a 
 
a 
 
-- 
 
Central Counties 
 
2348 
 
a 
 
a 
 
A 
 
-- 
 
South Counties 
 
1356 
 
.048 
 
.027 
 
.012 
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Table 17 
Correlations among SO2, MEI, AO and NAO for banded variable exceedances expressed as a 
percentage of the standard deviation (** = significant at the 0.01 level; a=could not be computed 
because at least one variable was a constant).  Note Ns may be higher than for all instances 
because exceedances are not aggregated by month. 
FIPS  County/Region  N  MEI  AO  NAO 
--  All  81642  .015**  .014**  .004 
 
06037 
 
Los Angeles, CA 
 
1838 
 
a 
 
a 
 
a 
 
06073 
 
San Diego, CA 
 
0 
 
-- 
 
-- 
 
-- 
 
06075 
 
San Francisco, CA 
 
10359 
 
a 
 
a 
 
a 
 
12025 
 
Miami/Dade, FL 
 
1 
 
a 
 
a 
 
a 
 
13121 
 
Fulton, GA 
 
1838 
 
a 
 
a 
 
a 
           
17031  Cook, IL  7498  .022  .014  .011 
           
18097  Marion, IN  26109  -.002  -.002  -.003 
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Table 17 (Continued) 
FIPS  County/Region  N  MEI  AO  NAO 
22071  Orleans, LA  0  --  --  -- 
 
25025 
 
Suffolk, MA 
 
27 
 
a 
 
a 
 
a 
 
27123 
 
Ramsey, MN 
 
7 
 
a 
 
a 
 
a 
 
29189 
 
St. Louis, MO 
 
204 
 
-.019 
 
.002 
 
-.010 
 
36061 
 
New York, NY 
 
4688 
 
-.043** 
 
.017 
 
-.001 
 
41005 
 
Clackamas, OR 
 
1142 
 
a 
 
a 
 
a 
           
42101  Philadelphia, PA  7340  a  a  a 
           
53033  King, WA  47  a  a  a 
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Table 17 (Continued) 
FIPS  County/Region  N  MEI  AO  NAO 
--  West Counties  13386  a  a  a 
 
-- 
 
Middle Counties 
 
33818 
 
a 
 
a 
 
a 
 
-- 
 
East Counties 
 
34438 
 
.025** 
 
.024** 
 
.006 
 
-- 
 
North Counties 
 
1223 
 
a 
 
a 
 
a 
 
-- 
 
Central Counties 
 
56198 
 
-.002 
 
.004 
 
.001 
 
-- 
 
South Counties 
 
24221 
 
.032** 
 
.026** 
 
.008 
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APPENDIX B: GRAPHS OF DATA CORRELATIONS STATISTICALLY SIGNIFICANT AT 
THE 0.01 LEVEL 
 
   
   
 
Variables expressed as percentages of standard deviations; banded variables as evenly-spaced 
categories of percentages of standard deviations 
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APPENDIX B (Continued) 
 
   
   
   
 
Variables expressed as percentages of standard deviations; banded variables as evenly-spaced 
categories of percentages of standard deviations 
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APPENDIX B (Continued) 
 
   
   
   
 
Variables expressed as percentages of standard deviations; banded variables as evenly-spaced 
categories of percentages of standard deviations 
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APPENDIX B (Continued) 
 
   
   
   
 
Variables expressed as percentages of standard deviations; banded variables as evenly-spaced 
categories of percentages of standard deviations 114 
APPENDIX B (Continued) 
 
   
   
   
 
Variables expressed as percentages of standard deviations; banded variables as evenly-spaced 
categories of percentages of standard deviations 
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APPENDIX B (Continued) 
 
   
   
   
 
Variables expressed as percentages of standard deviations; banded variables as evenly-spaced 
categories of percentages of standard deviations 
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APPENDIX B (Continued) 
 
   
   
   
 
Variables expressed as percentages of standard deviations; banded variables as evenly-spaced 
categories of percentages of standard deviations 
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APPENDIX B (Continued) 
 
   
   
   
 
Variables expressed as percentages of standard deviations; banded variables as evenly-spaced 
categories of percentages of standard deviations 
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APPENDIX B (Continued) 
 
   
   
   
 
Variables expressed as percentages of standard deviations; banded variables as evenly-spaced 
categories of percentages of standard deviations 
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APPENDIX B (Continued) 
 
   
   
   
 
Variables expressed as percentages of standard deviations; banded variables as evenly-spaced 
categories of percentages of standard deviations 
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APPENDIX B (Continued) 
 
   
   
   
 
Variables expressed as percentages of standard deviations; banded variables as evenly-spaced 
categories of percentages of standard deviations 
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APPENDIX B (Continued) 
 
   
   
   
 
Variables expressed as percentages of standard deviations; banded variables as evenly-spaced 
categories of percentages of standard deviations 
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APPENDIX B (Continued) 
 
   
   
   
 
Variables expressed as percentages of standard deviations; banded variables as evenly-spaced 
categories of percentages of standard deviations 
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APPENDIX B (Continued) 
 
   
   
   
 
Variables expressed as percentages of standard deviations; banded variables as evenly-spaced 
categories of percentages of standard deviations 
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APPENDIX B (Continued) 
 
   
   
   
 
Variables expressed as percentages of standard deviations; banded variables as evenly-spaced 
categories of percentages of standard deviations 
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APPENDIX B (Continued) 
 
   
   
   
 
Variables expressed as percentages of standard deviations; banded variables as evenly-spaced 
categories of percentages of standard deviations 
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APPENDIX B (Continued) 
 
   
   
   
 
Variables expressed as percentages of standard deviations; banded variables as evenly-spaced 
categories of percentages of standard deviations 
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APPENDIX B (Continued) 
 
   
   
   
 
Variables expressed as percentages of standard deviations; banded variables as evenly-spaced 
categories of percentages of standard deviations 
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APPENDIX B (Continued) 
 
   
   
   
 
Variables expressed as percentages of standard deviations; banded variables as evenly-spaced 
categories of percentages of standard deviations 